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(57) ABSTRACT 

An amine catalyst-for production of a polyurethane and a 
polyisocyanurate is provided which comprises a quaternary 
ammonium compound represented by General Formula (1): 

(i) 




where Rj to R 6 are independently a linear or branched 
saturated hydrocarbon group of 1 to 4 carbon atoms; R 7 and 
R 8 are independently a linear or branched, saturated or 
unsaturated hydrocarbon group of 2 to 12 carbon atoms; n is 
a number of 0 to 3 provided that at n=o any one of Rj, R 2 
and R 3 , and R 5 and/or R 6 may be linked together to form a 
heterocycle, or at n=l, 2, or 3, R 5 or R 6 and R 4 may be linked 
together to form a heterocycle; A is a carbonate group or an 
organic acid group; and X is number of 1 to 2. The catalyst 
has high activity in formation of polyurethane foams and 
polyisocyanurate foams, having less odor, and producing 
foams of high fire retardance, having high curability, high 
retarding effect, and low corrosiveness. 

2 Claims, No Drawings 
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AMINE CATALYST FOR PRODUCING 
POLYURETHANE AND 
POLYISOCYANURATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

The present invention relates to an amine catalyst for 
producing a polyurethane or a polyisocyanurale, and a 
process for producing a flexible polyurethane foam employ- 
ing the amine catalyst. More specifically, the present inven- 
tion relates to a novel catalyst for producing a flexible 
polyurethane which has high activity for forming polyure- 
thane or polyisocyanurate, giving less odor, giving high fire 
retardancc, and having excellent curability, and also relates 
to a process for producing a flexible polyurethane foam by 
use, as a catalyst, of a quaternary ammonium carbonate 
which has high activity for polyurethane formation, having 
less odor, and being less corrosive. 

2. Description of the Related Art: 20 
Polyurethane products and polyisocyanurate products are 

widely used for furniture, automobile interior materials, 
insulating materials, and so forth. In recent years, the 
production of these products are required to be improved in 
productivity, moldability, physical properties, and so forth, 25 
and not to cause environmental pollution. Therefore, the 
catalyst is sought for to achieve high catalytic activity and 
high functionality. 

For example, for improvement of productivity and 
moldability, a catalyst is demanded which is capable of 30 
curing at a high curing rate. For improvement of physical 
properties, a catalyst is demanded which is effective in 
improvement of fire retardance of an insulating material as 
a building material. For environmental protection, an amine 
catalyst or a blowing agent is demanded which has less odor, 3 
and the catalyst should be suitable for the formulation for 
Hon consumption reduction. 

A catalyst for formation of polyisocyanurate 
(trimerization) is exemplified by metal type catalysts such as ^ 
alkali metal carboxylates, metal alcoholates, metal 
phenolates, metal hydroxides; tertiary amines; tertiary phos- 
phines; and phosphorus onium salts. Alkali metal carboxy- 
late salts such as potassium acetate, and potassium 
2-ethylhexanoate are used owing to high activity of promot- 45 
ing isocyanurate reaction (isocyanurate activity) and effec- 
tiveness of improving fire retardance of a rigid foam as a 
building material. Quaternary ammonium salts of tetraalky- 
lmonoamine type such as quaternary hydroxyalkyltrimethy- 
lammonium 2-ethylhexanoate (disclosed in JP-A-52-17484) 50 
are used owing to high isocyanurate activity. Furthermore, a 
method of employing a quaternary ammonium organic acid 
salt is disclosed in JP-A-9-124760. 

Flexible polyurethane foams are widely used for 
furniture, automobile interior materials, bedding materials, 55 
cushion materials, and so forth. In recent years, the produc- 
tion of these polyurethane products are required to be 
improved in productivity, moldability, physical properties, 
and so forth, and not to cause environmental pollution. 
Therefore, the catalyst is sought to achieve high catalytic 60 
activity and high functionality. 

For example, for improvement of productivity and 
moldability, a catalyst is demanded which is capable of 
delaying. For improvement of physical properties, a catalyst 
is demanded which is effective in improvement of air 65 
permeability. For environmental protection, an amine cata- 
lyst or a blowing agent is demanded which has less odor, and 



the catalyst should be suitable for the formulation for Hon 
consumption reduction. 

In production of polyurethane foams, the organic car- 
boxylates of a tertiary amine disclosed in JP-A-60-58418 are 
known to be useful as delayed action catalysts. The delayed 
action catalyst, which has a low initial activity, is capable of 
delaying the time of initiation of the foaming reaction-after 
mixing of the source materials, the polyol and the organic 
isocyanate. Therefore, the handling of the liquid mixture and 
the flowability of the mixture, and other properties are 
improved. For example, the source material liquid can be 
filled sufficiently to the comer of a large mold. This type of 
catalyst exhibits the catalyst activity by thermally dissoci- 
ating the tertiary amine compound when the foaming reac- 
tion has proceeded to cause rise of the reaction temperature. 
Consequently, the catalyst activity is greatly increased to 
allow the produced foam to distribute throughout a compli- 
cated mold without defect formation, and thereby the curing 
is accelerated to shorten the mold-release time of the pro- 
duced foam and improves the productivity. 

However, conventional catalysts for rigid isocyanurate 
foam production have various disadvantages. For example, 
conventionally used alkali metal carboxylates and tetraalky- 
lmonoamine type quaternary ammonium salts, although they 
have relatively high isocyanuration activity, delay the initial 
reaction remarkably but accelerate the isocyanuration at the 
later stage of foaming to result in rapid rise of-the foaming 
profile, impair the flowability and broaden the density dis- 
tribution disadvantageous^. Further, the conventional tet- 
raalkylmonoamine type quaternary ammonium salts evolve 
low-volatile amine by decomposition of the quaternary 
ammonium salt during the foam formation to aggravate 
working environment. Further more, when a tertiary amine 
is combinedly used for accelerating the initial reaction and 
improving the foam flowability, although it improves the 
flowability, the tertiary amine generates strong odor, renders 
the foam more friable, and lowers fire retardance because the 
isocyanuration is retarded, disadvantageously. 

On the other hand, the for polyurethane production cata- 
lyst having been employed because of their delayed action 
has various disadvantages. For example, organic carboxylic 
acid salts of a tertiary amine are strongly corrosive because 
of its lower pH, and tend to corrode materials such as a 
urethane foaming machine to lower the productivity, disad- 
vantageously. This disadvantage can be overcome by 
decreasing the amount of the organic carboxylic acid to raise 
the pH, but this offsets the desired delaying effect. In one 
method, a suitable tertiary amine is mixed to the tertiary 
amine carboxylate to solve the problem, but the corrosion 
cannot be completely prevented because of the essential use 
of an organic carboxylic acid. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel 
amine catalyst for polyurethane and polyisocyanurate pro- 
duction having a high catalyst activity, giving less odor, 
enabling high fire retardance and giving high curability. 

Another object of the present invention is to provide a 
process for producing a flexible polyurethane foam by use of 
a catalyst which has sufficiently high delaying effect and is 
practically non-corrosive. 

The amine catalyst of the present invention for production 
of a polyurethane and a polyisocyanurate comprises a qua- 
ternary ammonium compound represented by General For- 
mula (1): 
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where Rj to R 6 are independently a linear or branched 
saturated hydrocarbon group of 1 to 4 carbon atoms; R 7 and 
R 8 are independently a linear or branched, saturated or 
unsaturated hydrocarbon group of 2 to 12 carbon atoms; n is 
a number of 0 to 3, provided that at n=o any one of R lt R 2 
and R 3 , and R 5 and/or R 6 may be linked together to form a 
heterocycle, or at n-1, 2, or 3, R 5 or R s and R 4 may be linked 
together to form a heterocycle; A is a carbonate group or an 
organic acid group; and X is number of 1 to 2. 

The process of the present invention for producing a 
flexible polyurethane foam by reaction of a polyol and a 
polyisocyanate in the presence of a catalyst and a blowing 
agent comprises use of one or more quaternary ammonium 
carbonate represented by General Formula (2): 

(2) 



R 2 N-\-Rt N-^Ra-N^ 

R 3 R « 




where Rj to R 8 are independently a linear or branched, 
saturated or unsaturated hydrocarbon group of 1 to 12 
carbon atoms; n is a number of 0 to 3, provided that at n=o 
any one of Rj, R 2 and R 3 , and R 5 and/or R<; may be linked 
together to form a heterocycle, or at n-1, 2, or 3, R 5 or R 6 , 
and R 4 may be linked together to form a heterocycle. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

After comprehensive investigation to solve the problems 
involved in known catalyst, it was found by the inventor of 
the present invention that a quaternary ammonium salt type 
of catalyst having a special structure is useful for production 
of polyurethane and polyisocyanurate, and has extremely 
high catalyst activity, particularly in polyisocyanurate 
production, being effective in improvement of flowability 
and in unifomization of density distribution by accelerating 
the initial stage of foaming reaction, being effective in 
npi ivii lire re ta dance, having a low volatility to give less 
odor. Further it was also found that among the quaternary 
ammonium salt type catalyst having a specified structure has 
significantly high delaying effect in flexible polyurethane 
foam, and significantly less corrosive. The present invention 
has accomplished on the basis of the above findings. 

In the present invention, among the catalysts represented 
by General Formula (1), the quaternary ammonium carbon- 
ate can be prepared, for example, by reaction of a corre- 
sponding tertiary amine with a carbonate diester (e.g.,. 
dimethyl carbonate). The organic acid salt of a quaternary 
ammonium salt can be prepared by anion exchange reaction 
of a corresponding quaternary ammonium carbonate with an 
organic acid by removal of carbon dioxide and the alcohol 
as the byproducts. The producing reaction can be conducted 
at a temperature ranging from 50 to 150° C. in an autoclave 
for a time ranging from 1 to 20 hours, preferably in the 
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presence of a reaction solvent to complete the reaction 
rapidly at a high yield. The reaction solvent is not specially 
limited, and includes methanol, and ethanol, and the amount 
thereof is not limited. 
5 The tertiary amine employed for production of the qua- 
ternary ammonium carbonate in the present invention 

NjNjN'.K-teteamethylemylenediamine, 

N,N,N',N'-tetramethylpropylenediamine, 
10 N,N,N',N'-tetramethylbutanediamine, 

N,N,N',N",N' , -pentamethyldiethylenetriamine, 

N,N,N',N",N"-pentamethyl-(3-aminopropyl)- 
ethylenediamine, 

N,N,N',N",N"-pentametnyldipropylenetriamine, 
15 N,N,N',N-tetramethylguanidine, 

l,3,5-tris(N,N-dimethylammopropyl)hexahydro-s-triazine, 

l,8-diazabicyclo[5.4.0]undecene-7, 

triethylenediamine, 

N,N,N',N'-tetramethymexametbylenediamine, 
20 N-methyl-N'-(2-dimethylaminoefhyl)piperazine, 
NJ>T-dimethylpiperazine, N-methylmorpholine, 
N-emylmorpholine, bis(2-dimethylaminoethyl) ether, 
1-methylimidazole, 1,2-dimemylinidazole, 

1- isobutyl-2-methyHmidazole, and 

25 1-dimethylaminopropylimidazole. Of these, specially pre- 
ferred are N,N,N',N'-tetramethylethylenediamine, 
N,N,N',N\N"-pentamethyldiethylenetriamine, 

triethylenediamine, and 
N,N,N',N 1 -tetramethylhexamethylenediamine. 
30 The carbonate diester is not specially limited, and 
includes specifically diethyl carbonate, dimethyl carbonate, 
and dibutyl carbonate. 

The organic acid used for producing an organic acid salt 
of a quaternary ammonium for the catalyst of the present 
35 invention may be any known organic acid, and is not 
specially limited, including specifically aliphatic and aro- 
matic monocarboxylic acids such as formic acid, acetic acid, 

2- ethylhexanoic acid, octanoic acid, and benzoic acid; ali- 
phatic and aromatic dicarboxylic acids such as malonic acid, 

40 and terephthalic acid; phenolic compounds, sulfonic acid 
compounds, and phosphate compounds. 

The catalyst comprising the quaternary ammonium salt 
represented by General Formula (1) of the present invention 
is useful as the amine catalyst for production of polyure- 

45 thane and polyisocyanurate. For example, reaction of a 
polyol and an isocyanate in the presence of a catalyst of the 
present invention, and optionally a blowing agent and other 
additive, produces a polyurethane product or a polyisocya- 
nurate product such as a flexible foam, a semirigid foam, a 

50 rigid foam, and elastomer. 

The polyol employed in the above production may be any 
known polyefherpolyols, polyeslerpolyols, polymer polyols, 
and the like, and is not specially limited. 

Examples of the polyether polyol are alkylene oxide 

55 adducts of an active hydrogen compound. 'Hie active hydro- 
gen compound includes polyhydric alcohols such as 
ethyleneglycol, propyleneglycol, 1,4-butanediol, 1,6- 
hexanediol, diethyleneglycol, triethyleneglycol, 
dipropyleneglycol, neopentylglycol, glycerin, 

60 trimethylolpropane, pentaerythritol, methylglycoside, 
sorbitol, and sucrose; polyhydric phenols such as pyrogallol, 
i j e; I i i si] sphenol A, bisphe- 

nol S, bisphenol F, and low condensate of phenol and 
formaldehyde; aliphatic diamines such as 

65 propylenediamine, hexamethylenediamine, 
ethylenediamine, diethylenetnamine, tnethylenetetramme, 
pentamethylenehexamine, ethanolamine, diethanolamine, 
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triethanolamine, and a 



ninoethylethanolamine: 

xylylenediamine, methylenedianiline, and diphenyl ether 
diamine; alicyclic amines such as isophoronediamine, and 
cyclohexylenediamine; heteroalicyclic amines such as ami- 
noethypiperazine; the aforementioned polyhydric phenols, 
and Mannich polyols (compounds prepared by reaction of 
the aforementioned aliphatic amine and formalin). Such an 
active hydrogen compound may be a mixture of two or more 
thereof. The alkylene oxide to be added to the active 10 
hydrogen compound includes ethylene oxide, propylene 
oxide, and butylene oxide, and combination of two or more 
thereof. Of these, ethylene oxide, propylene oxide, and 
combination thereof are preferred. 

The polyesterpolyol includes condensation polyesters 15 
prepared by reaction of a polybasic acid such as succinic 
acid, adipic acid, sebacic acid, maleic acid, dimer acids, and 
trimellitic acid with a polyhydric alcohol; and polylactone 
polyol prepared by ring-opening polymerization of 
e-caprolactone, or the like. 20 

The polymer polyol includes, for example, those obtained 
by reaction of the aforementioned polyetherpolyol with an 
ethylenic unsaturated monomer such as butadiene, 
acrylonitrile, and styrene in the presence of a radical poly- 
merization catalyst. 25 

Among the aforementioned polyols, for production of 
flexible polyurethane foam, preferred are polyetherpolyols 
and polymer polyols, and mixtures thereof. EspeciaEy pre- 
ferred are the ones prepared from glycerin as a source 
material and having a molecular weight ranging from about 30 
3000 to about 12000. Preferred polymer polyols have a 
molecular weight ranging from 5000 to 12000. The poly- 
etherpolyol and a polymer polyol are preferably mixed in a 
ratio ranging from 50:50 to 90:10. 

The isocyanate may be any known isocyanate without 35 
limitation, including aromatic polyisocyanates; aliphatic 
polyisocyanates such as isophorone diisocyanate, 1,6- 
hexamethylene diisocyanate, and 4,4-dicyclohexylmethane 
diisocyanate; aromatic polyisocyanates such as xylylene 
diisocyanate, tetramethylxylylene diisocyanate; modifica- 40 
tions thereof (carbodiimide-modification, allophanate- 
modification, urea-modification, biuret-modiication, 
isocyanurate-modification, oxazolidone-modification, etc.); 
and isocyanate-terminated prepolymers. 

The aromatic polyisocyanate includes specifically 2,4- or 45 
2,6-toluene diisocyanate (TDI), crude TDI, diphenyl- 
mefhane 2,4'- or 4,4'-diisocyanate (MDI), and polymethyl- 
ene polyphenyl polyisocyanate (crude MDI). 

The aliphatic polyisocyanate includes specifically iso- 
phorone diisocyanate, 1,6-hexamethylene diisocyanate, and 50 
4,4-dicyclohexylmethane diisocyanate. 

A polyol-isocyanate index [(equivalent number of isocy- 
anate group in isocyanate component per equivalent number 
of active hydrogen in polyol component)xl00] is in the 
range from about 60 to about 130 in polyurethane product 55 
production, and in the range from about 150 to 400 in 
polyisocyanurate ring-containing product production. 

Out of the above isocyanates, mixtures of TDI and MDI 
are particularly preferred in the production of flexible poly- preferable are potassium aceu 
"■•ethane foam. The isocyante index therefor ranges from 70 60 potassium 2-ethylhexanoate. 

In the production of flexible polyurethane foams, trieth- 



The catalyst of the present invention has high catalytic 
activity in production of polyisocyanurate products also, and 
is effective in improving the flowability by promotion of the 
initial reaction of the foam, narrowing the density 
distribution, and causes less odor owing to its low volatility. 
In this case, the catalyst is used usually in an amount ranging 
from 0.1 to 8%, preferably from 0.5 to 5%, by weight on the 
basis of the weight of the polyol. With the catalyst of less 
than 0.1% by weight, the resulting rigid polyisocyanurate 
foam has insufficient mechanical strength, whereas with the 
catalyst of more than 8% by weight, the flowability is less 
in the production of the rigid polyisocyanurate foam. 

The catalyst of the present invention, particularly the one 
represented by General Formula (2), in production of flex- 
ible polyurethane foams, is advantageous in its high delay- 
ing effect, low corrosiveness, and low odor. The amount of 
the catalyst ranges usually from 0.01 to 10 parts, preferably 
from 0.05 to 5 parts, to 100 parts of the used polyol. 

The catalyst of the present invention may be used in 
combination with another catalyst within the range where 
the catalyst function is not impaired. The combinable cata- 
lyst includes known tertiary amines and organic acid salts 
thereof, quaternary ammonium salts, organometallic 
compounds, and alkali metal salts or alkaline earth metal 
salts of known carboxylic acids. 

The known tertiary amines include tertiary amines such as 
triethylenediamine, N,N,N',N , -tetramethylethylenediamine, 
NJ^jN^N'^f'-pentamefhyldiethylenetriamine, 
l,3,5-tris(N,N-dimethylaminopropyl)hexahydro-s-triazine, 
N,N,N',N'-tetramethyihexamethylenediamine, and 
1,2-dimethylimidazole; 

alkanolamines such as N,N-dimethylaminoethanol, and 
N,N,N'-trimethylaminoethylethanol; and 
amine compounds having primary and secondary amino 

groups such as dimethylaminopropylamine, and 
bisdimethylaminopropylamine. These amines are preferred 
because of high catalytic activity, desirable foaming 
profile, and improved flowability. However, the tertiary 
amine arc not limited iheieto. 

The quaternary ammonium salts include known tetraalky- 
lammonium halides such as tetramethylammonium chloride; 
tetraalkylammonium hydroxides such as tetramethylammo- 
nium hydroxide; organic acid salts of tetraalkylammonium 
such as tetrametbyammonium 2-ethylhexanoate, 
2-hydroxypropyltrimethylammonium formate, and 
2-hydroxypropyltrimethylammnoium 2-ethylhexanoate, but 
is not limited thereto. Of these, organic acid salts of tet- 
raalkylammonium are particularly preferred because of the 
high catalytic activity and the high isocyanurate activity. 

The known organic metal compounds are not limited 
specially, and include organic tin compounds and organic 
lead compounds such as dibutyltin dilaurate, lead octanoate, 
and lead 2-ethylhexanoate. 

The known alkali metal or alkaline earth metal carboxy- 
lates include sodium salts and potassium salts of aromatic 
monocarboxylic acids and aromatic tricarboxylic acids. Of 
these, alkali metal carboxylates are preferred because of the 
high catalytic activity and the high nurate activity. More 



to 130, but is not limited thereto. 

The catalyst of the present invention increases the foam 
curing rate after the reaction, serving to shorten the mold 
release time of the foam to improve remarkably the produc- 
tivity. The catalyst is used usually in an amount ranging from 
0.02 to 5 parts, preferably from 0.05 to 3 parts, to 100 parts 
of the used polyol. 



ylenediamine is particularly preferred as the tertiary ai 
for the catalyst among the aforementioned catalysts. The 
triethylenediamine is used in an amount preferably ranging 
i from 0.1 to 2.0 parts by weight to 1.0 part by weight of the 
quaternary ammonium carbonate. With triethylenediamine 
of less than 0.1 part by weight, the foam is not formed 
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completely, being liable to cause shrinkage or depression, 
whereas with triethylenediamine of more than 2.0 parts by 
weight, the expected delaying effect may not be achieved. 
The organic metal compound is preferably an organic tin 
compound, more preferably stannous dioctanoate, and dibu- 5 
tyltin dilaurate. The organic metal compound is used in an 
amount ranging usually from 0.01 to 5.0 parts, preferably 
from 0.05 to 3.0 parts by weight to 100 parts by weight of 
the polyol. With the amount of the organic metal compound 
of less than 0.05 parts by weight, the produced foam tends 
to cause cracking, whereas with the amount thereof more 
than 3.0 parts by weight, the produced foam tends to shrink. 

As a blowing agent, a hydrogen atom-containing haloge- 
nated hydrocarbon, a low-boiling hydrocarbon and/or water 
is used as a bowing agent in the production of a polyurethane 
foam or a polycyanurate foam with the catalyst of the 15 
present invention. The hydrogen atom-containing haloge- 
nated hvdrocarbon as the blowing agent include specifically 
HCFC 'type ones such as HCFC-123, HCFC-141b, HCFC- 
22, and HCFC-142b; HFC type ones such as HFC-134a, 
HFC-245fa, HFC-245ca, and HFC-236ea; and mixtures of 
two or more thereof. Of these, preferred are HCFC-141b, 
HFC-134a, HFC-245fa, and mixtures of two or more 
thereof. The low-boiling hydrocarbon means usually a 
hydrocarbon having a boiling point ranging from 0 to 50° C, 
specifically including propane, butane, pentane, 
cyclopentane, and mixtures thereof. 25 

The hydrogen atom-containing halogenated hydrocarbon 
as the blowing agent is used in an amount ranging usually 
from 5 to 100 parts, preferably from 10 to 80 parts by 
weight, to 100 parts by weight of the polyol. The low-boiling 
hydrocarbon as the blowing agent is used in an amount 30 
ranging usually from 1 to 40 parts, preferably from 1 to 30 
parts by weight, to 100 parts by weight of the polyol. The 
water as the sole blowing agent is used in an amount ranging 
usually from 0.5 to 10 parts, preferably from 1 to 8 parts by 
weight, to 100 parts by weight of the polyol. In the combined 35 
use of a hydrogen atom-containing halogenated hydrocar- 
bons and water as the blowing agent, the hydrogen atom- 
containing halogenated hydrocarbon is used in an amount 
ranging usually from 1 to 100 parts, preferably from 10 to 
80 parts by weight, and water is used in an amount ranging 
usually from 0.1 to 10 parts, preferably from 0.5 to 8 parts 
by weight, to 100 parts by weight of the polyol. In the 
combined use of a low-boiling hydrocarbons and water as 
the blowing agent, the low-boiling hydrocarbon is used in an 
amount ranging usually from 1 to 40 parts, preferably from 
1 to 30 parts by weight, and water is used in an amount 45 
ranging usually from 0.1 to 10 parts, preferably from 0.1 to 
5 parts by weight, to 100 parts by weight of the polyol. 

In the production of flexible polyurethane foam, water is 
especially suitable among the aforementioned blowing 
agents. The amount of water to be used depends on the 50 
density of the intended foam product, and is usually not less 
than 2 parts by weight, preferably in the range from 3.0 to 
8.0 parts by weight to 100 parts by weight of the polyol. 

The specific application fields of the catalyst of the 
present invention include furniture cushions, automobile J5 
seats, automobile steering wheels made of an integral skin 
foam, and heat insulating material for refrigerators and 
building materials. 

The quaternary ammonium salt catalyst of the present 
invention is used in a smaller amount owing to the high 
catalytic activity, which is effective in reduction of produc- 60 
tion cost of polyurethanes and polyisocyanurates. This cata- 
lyst accelerates the initial reaction, improving the foaming 
profile and ftowability, resulting in narrow density distribu- 
tion of the produced foam, and high moldability of the foam, 
advantageously. ( 

The quaternary ammonium salt catalyst of the present 
invention shortens the foam curing time after the reaction of 



polyurethane production to shorten the mold release time, 
which is effective in improvement of productivity. 

The isocyanurate foam produced by use of the quaternary 
ammonium catalyst of the present invention exudes only 
little odor, which improves remarkably the working envi- 
ronment in the foam production and decreases the residual 
odor in the foam products. Furthermore, the product has 
higher fire retardance, less friability of the foam surface, and 
lower thermal conductivity, advantageously. 

The catalyst of the present invention has further advan- 
tages in flexible polyurethane foam production as follows. 
The quaternary ammonium carbonate represented by Gen- 
eral Formula (2) is used in a small amount owing to its high 
activity, and is effective in reduction of polyurethane pro- 
duction cost. The catalyst has a low initial activity, so that 
the time of initiation of foam formation reaction can be 
delayed after the mixing of the polyol and the organic 
isocyanate as the source materials, improving handleability 
and flowability of the source liquid mixture to allow it to 
flow to corners of a large mold. 

The quaternary ammonium carbonate represented by 
General Formula (2) develops the catalytic activity when the 
foam formation reaction has proceeded to result in tempera- 
ture rise. Consequently, the catalyst activity is greatly 
increased to allow the foam formed by the foaming reaction 
to flow into a complicated mold entirely, and the curing is 
accelerated to shorten the foam release time to improve 
remarkably the productivity. 

The foam products produced according to the present 
invention has a lower density and has excellent air perme- 

Further, the quaternary ammonium carbonate represented 
by General Formula (2) exudes only little odor, which 
improves remarkably the working environment in the foam 
production and exuding little residual odor in the foam 
products. 

Furthermore, the quaternary ammonium carbonate repre- 
sented by General Formula (2) is extremely less corrosive to 
metal materials, causing no corrosion of polyurethane pro- 
duction equipment such as a catalyst storage tank, and a 
foam formation apparatus, thus improving the productivity. 

The present invention is described more specifically by 
reference to example and comparative examples without 
limiting to the invention thereto in any way. 

CATALYST PRODUCTION 
Production Example 1 
Into an autoclave equipped with a stirrer, were placed 
N,N,N , ,N",N"-pentamethyldiethylenetriamine (1 mol), dim- 
ethyl carbonate (1.5 mol), and methanol as a solvent (2.0 
mol). The mixture was allowed to react at a reaction tem- 
perature of 110° C. for 12 hours to obtain a solution of the 
product in methanol. The unreacted dimethyl carbonate and 
the methanol were distilled off to obtain the intended prod- 
uct. The product was a viscous liquid, and was found to be 
mainly composed of bis(N-(3,6-trimethyl-3,6-diazaheptyl)- 
N,N,N-trimethylammomum) carbonate by 13 C-NMR and 
J H-NMR. This product is hereinafter referred to as Catalyst 



Production Example 2 
A product mainly composed of bis(N-(2- 
dimethylaminoethyl)-N,N,N-(trimethylammonium) carbon- 
ate was prepared in the same manner as in Production 
Example 1 except that N,N,N',N'- 
tetramethylethylenediamine (1 mol) was used in place of 
N,N,N',N",N"-pentamelhyldiethylenetriamine (1 mol). This 
product is hereinafter referred to as Catalyst B. 
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Production Example 3 
A product mainly composed of bis(l-methyl-l-azonia-8- 
azabicyclo[2.2.2]octane) carbonate was prepared in the 
same manner as in Production Example 1 except that 
triethylenediamine (1 mol) was used in place of N,N,N',N", 
N"-pentamethyldiethylenetriamine (1 mol). This product is 
hereinafter referred to as Catalyst C. 

Production Example 4 
Into an autoclave equipped with a stirrer, were placed 
N,N,N',N'-tetramethylethylenediamine (1 mol), dimethyl 
carbonate (1.5 mol), and methanol (2.0 mol) as a solvent. 
The mixture was allowed to react at a reaction temperature 
of 110° C. for 12 hours to obtain a solution of the product 
in methanol. Thereto, 2-ethyl hexanoate (1 mol) was added. 
Then by-product carbon dioxide and the methanol were 
removed to obtain the intended product, which was mainly 
composed of bis(N-(2-dimethylaminoethyl)-N,N,N- 
(trimethylammonium) 2-ethylhexanoate. This product is 
hereinafter referred to as Catalyst D. 



Production Example 5 



as shown in formulations in Table 1. Table 1 also shows the 
evaluation results. 

In Comparative Example 1, the used conventional qua- 
ternary ammonium salt catalyst had low catalytic activity, 
and should be used in a larger amount. The produced foam 
exuded strong residual odor. 

In Comparative Example 2, the used conventional qua- 
ternary ammonium salt catalyst gave a short cream time, and 

10 a smooth foaming profile, but the catalytic activity was low 
and the catalyst should be used in a larger amount. The 
produced foam exuded strong remaining odor. 

In Comparative Example 3, the used conventional qua- 
ternary ammonium salt catalyst had low catalytic activity, 

35 and should be used in a larger amount, requiring a longer 
cream time and giving a rapid foaming profile. The resulting 
foam had a broad density distribution, and poor moldability. 
In the fire retardance lest, the resulting foam had a relatively 

20 high oxygen index, but smoke generation is significant with 
unsatisfactory balance of the fire retardance. The surface of 
the obtained foam has a high friability and a high thermal 
conductivity. 



A pre 
dimethylan 



ainly composed of bis(N,N- 
lethylene-N'-trimethylammonium) ca 



bonate was prepared in the same manner as in Production 
Example 1 except that N.N.N'.N'- 
tetramethylhexamethylenediamine (1 mol) was used in ■ 
place of N,N,N',N",N"-pentamethyldiethylenetriamine (1 
mol). This product is hereinafter referred to as Catalyst E. 



Examples 1-4 

Rigid isocyanurate foams were prepared with formula- 
tions of the polyol and the polyisocyanate shown in Table 1 
(isocyanate index: 200) by using respectively Catalysts A,B, 
C, and D produced in Production Examples 1-4, and a 
blowing agent and a foam stabilizer as shown in Table 1. The 
products were tested and evaluated for the reactivity (cream 
time, gel time, and rise time) of the rigid isocyanurate foam, , 
the flowability (density, moldability, and density 
distribution) of the molded foam product, the fire retardance 
(oxygen index, and smoking), the friability, the thermal 
conductivity, and the residual catalyst odor. Table 1 shows 
the evaluation results. 

Table 1 shows that the quaternary ammonium salt catalyst 
of the present invention has high catalytic activity, acceler- 
ates initial reaction (cream time), and gives a smooth foam- 
ing profile. Further, the catalyst exudes less odor, thereby 5 
improving the working environment in foam production, 
and leaving no residual odor in the final foam products. The 
obtained foam has excellent moldability, narrow density 
distribution, high flowability, high oxygen index, less smok- 
ing property, and high fire retardance. The surface of the 
obtained foam has a low friability and a low thermal 
conductivity. 

Comparative Examples 1-3 
Foams were prepared in the same-manner as in Example 
1 except that conventional isocyanurate catalysts were used 



Examples 5-8 

, Flexible isocyanurate foams were prepared with formu- 
lations of the polyol and the polyisocyanate shown in Table 
2 (isocyanate index: 105) by using respectively Catalysts A 
B, C, and E produced in Production Examples 1-3, and 5, 
and a blowing agent and a foam stabilizer as shown in Table 
2. The products were tested and evaluated for the reactivity 
(cream time, gel time, and rise time) of the flexible isocya- 
nurate foam, the delaying effect (elongation in seconds of 
cream time of the respective catalyst in comparison with 
Catalyst L33 as the reference), and the properties (density, 
and air permeability) of the foam products. Table 2 shows 
the evaluation results. 

Table 2 shows that the quaternary ammonium salt cata- 
lysts of the present invention enable delaying of the initial 
reaction (cream time). The catalysts corrode only little the 
metallic materials, and give a foam product having a low 
density and a high air-permeability. Further, the catalyst 
exudes less odor, thereby improving the working environ- 
ment in foam production, and leaving no residual odor in the 
final foam products. 

Comparative Examples 4-5 
Foams were prepared in the same manner as in Example 
5 except that conventional catalysts were used as shown in 
formulations in Table 2. Table 2 also shows the evaluation 

In Compara! ive Example 4, the used conventional tertiary 
amine catalyst, did not delay the cream time for the same gel 



In Comparative Example 5, the used conventional catalyst 
of the organic acid salt of tertiary amine delayed the cream 
time for the same gel time, but the catalytic activity was low 
and the catalyst should be used in a larger amount. The 
organic carboxylic acid contained in the catalyst caused 
i of metal materials. 
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TABLE 1 



















PolyolA -1 


70 


70 


70 


70 


70 


70 


70 




20 


20 


20 


20 


20 


20 


20 












10 


10 


10 


















Catalyst A *5 
















Catalyst B *6 
































Tetrittykmmoniumsalt -9 










"5 70 






Hydroxyalkylammonium salt *10 






_ 










Potassium 2-ethylhexanoate *11 














7.00 




2 




2 










141b *12 


40 


40 


40 


40 


40 


40 


40 


Foam stabilizer 13 


1.5 


1.5 


1.5 


1.5 


1.5 


IS 




Index *14 


200 


200 


200 


200 


200 


200 




I i \ (seconds) 


















22 


22 


23 


21 


20 


24 


25 








45 


45 










75 


68 






66 


76 




















Core density (Kg/m 3 ) 




31.5 


30.2 


30.5 








i "15 






2.1 










Oxygen index (%) 












22.8 


23.2 


Smoke emission (Dmax/g) *16 










20.9 






Friability 






Good 


Good 






Poor 


Thermal conductivity (mW/mK) 




16.9 


16.9 


16.9 


17.0 


17.0 


21.0 


Odor 


Slight 




Slight 




Slight 


Medium 


Slight 



ic polyestcrpolyol (Oil value: 327 mgKOH/g) 

ype polyetherpolyol (OH value: 456 mgKOH/g) 
0 (produced hy Nippon I l\u dl in In ! J lr\ Co.. s l\ 1 lie 
*5 Quaternary ammonium carbonate prepared by reaction of NJM,N',N",N - - 

•6 Quaternary ammonium carbonate prepared by reaction of N^N'dNI'-tetramethylethylene-diamine and 

• itio: 1/1.5) 

m carbonate prepared by reaction of triethylenediamine and dnu I . 1 in 

/1.5) and subsequent anion exchange with 2-emvlhexanoic acid 

m 2-ethylhexanoate solution (70% in ethylent 

:ycol) 

I yUicxin I cnc glycol) 

13 Silicone type surfactant 

( 1 1 t f 1 

:0 Dilfcrencc bclwccn :h 

1am at intervals of 5 cm from the bottom to the top 

16 Smoking measured according to NBS, ASTM (E662) Standard (per gram sample) 



TABLE 2 

Example Comparative Example 

5 6 7 8 4 5 
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TABLE 2-continued 



ty(Kg/m 3 ) 



*6 Triethylenediai ioi p;op\ e glycol) 

*7 Quaternary ammonium carbonate prepared by reaction of N,N,N',N",N-- 

[ i e'Jlviem i i ii h i t i I 1/1.5 

• . i i n - 1 i ' - l kti\lenediaminc and 
mate (mole ratio: 1/1.5) 

- of triethylenediamine and dimethyl carbonate 



: (produced by Tosoh Corp.) 
: Sijc.'-iH' type Miifactwl (rsmcuued b> Tui»y Silicone r.i.l 
i Silicone type surfactant (produced by Nippon Unicar Co.) 
% [(Isocyanate group)/(OH group)] (mole ratio) x 100 

> Time (seconds) of delay of cream time by use of the respective catalyst relative to sole us 
5 Measured by means of Dow Air Flow Apparatus 



What is claimed is: 

1. A catalyst for producing a flexible polyurethane foam, 
comprising a quaternary ammonium carbonate compound of 
the formula: 




where Rj to R 8 are independently a linear or branched, 
saturated or unsaturated hydrocarbon group of 1 to 12 
carbon atoms; n is a number of 0 to 3, provided that when 
n=o any one of R 1; R 2 and R3, and R 5 and/or R6 may be 
linked together to form a heterocycle, or when n=l, 2, or 3, 
R 5 or r 6 , and R 4 may be linked together to form a hetero- 

2. The amine catalyst according to claim 1, wherein the 
organic acid is 2-ethylncxanoic acid. 



